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The Royal Observatory of Belgium (ROB) is heavilyalved in the EUREF Permanent Network
(EPN) and is processing GNSS observations fronEfP since February 1996. Nowadays, the
errors due to the reference frame definition and HEarth’'s atmosphere (ionosphere and
troposphere) still remain the main limiting factonen performing high accuracy GNSS
positioning. In that framework, the ROB carrieoag-term research program that aims to better
understand these error sources, to improve theigation in GNSS data processing and to
provide specific products for the scientific comrityn

1. Ongoing Research

1.1 Reference Frame Definition

We extended the investigation of the influence ki hetwork effect within regional GNSS
networks (Legrand et al.,, 2010; Legrand et al.piess). In 2010, the ITRF2008 and new
homogeneously reprocessed regional (and globaljisos were tested. The agreement (RMS of
position/velocity differences) of these new solafiowith the ITRF2008 improved with a factor
three compared to the previous study (using ITRBR00onsequently, also the error caused by
the network effect was reduced. It can neverthedéiisreach 1 mm/yr in the vertical and 0.5
mm/yr in the horizontal. Despite the improvemerdrsen the estimated positions and velocities
when using the reprocessed ITRF2008, it was alsevisithat the use of the new improved
reference solution did not impact the residual fomsitime series which are still significantly
affected by the network effect: in a regional netwvanalysis the amplitude of the annual and
semi-annual signals are underestimated in all comapts of the station time series (27% resp.
15% reduction of the annual resp. semi-annual signtae height component). In addition, also
the phase of the annual and semi-annual signalteigd.

1.2 IAG Working Group ‘Regional Dense Velocity Fiel  ds’

ROB heavily contributed to the activities of the@AWorking Group on “Regional Dense
Velocity Fields” (see http://epncb.oma.be/IAG). thVithe goal to generate a high-quality
position/velocity solution for a core network of GN stations (in addition to the ITRF2008),
several newly reprocessed global and regional catimel position and velocity solutions
(containing about 400 densification sites of thBFR008) were submitted to ROB in the summer
of 2010. The analysis of these solutions showetl ttt&a 3D-RMS of their agreement with the
ITRF2008 (after outlier rejection) varies betweefi Gnd 1.1 mm/yr; it is extremely good for
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some solutions, while others still require moreations to reach the required level of agreement.
A part of the disagreements often originate in tise of different data time spans within the
ITRF2008 and the submitted solution. Some case® va¢s0 identified where the residual
position time series from the ITRF2008 significgnthderperformed compared to the time series
from a regional solution. This raised the neednfiore interaction between the regional reference
frame sub-commissions and the IGS and/or the ITRIEyxt center in order to prevent from
facing a similar situation in the next releasehef ETRF.

1.3 Precise Point Positioning

The software ATOMIUM, developed by ROB and dedidate Precise Point Positioning (PPP),
has been upgraded (Baire et al, in press) to prayithe possibility for kinematic positioning.
The analysis is performed on daily data batchespanadides one position each 5 minutes. This
function was already validated with data from tharth 11, 2011 Earthquake in Japan.

1.4 Antenna Calibration Models

We are performing a study aiming at determining ifm@act of the new IGS08.atx GNSS
receiver antenna calibrations on the estimated GBt&Son coordinates. Preliminary results
show that coordinate differences, obtained by usimgne hand the old IGS05 calibration model
and on the other hand the IGS08 model, can rea¢b 4pnm in the horizontal and 8 mm in the
vertical. More results are given in Baire et dlitvolume).

2. Services and products based on the EPN
2.1 E-GVAP Analysis Centre

The ROB has continued to develop and maintain atysis centre in order to participate to the
EUMETNET EIG GPS Water Vapour Program (E-GVAP lgttiaux, 2009a). In that context,
ROB provides the meteorological institutes with meeal-time Zenith Path Delay (ZPD)
estimates from a regional network of EPN statidfig.(1) for data assimilation in operational
Numerical Weather Prediction models. Stations frational densification networks are added to
improve the ROB contribution to E-GVAP. In 2010ettotal number of stations processed by
ROB was about 210. Several of GNSS stations in tid@svork are located nearby other
instruments such as radiosondes, water vapour medérs... Thanks to the memorandum of
understanding signed by EUREF and EUMETNET, thidocation allows ROB to validate its
analysis strategy and to assess the accuracy dPsestimates by cross-technique comparisons
(Pottiaux et al., 2009b). It was demonstrated #iatequirements for GNSS-meteorology are
achieved by the ROB E-GVAP analysis centre (Patfia2009a), in particular the cross-
comparison with the EPN troposphere combined prisdsltowed that 93% of our ZPD estimates
have a precision better than 5.5 mm.
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Figure 1: GNSS network processed in near real-timein the framework of E-GVAP. A few stations,
notably in Greenland and in the Atlantic regions, arelocated outside the map area

2.2 European VTEC maps

ROB continued its investigation of the optimal nuethio deliver VTEC maps in near-real time

over Europe from the EPN data. Different parametamut data, and interpolation methods have
been tested in order to produce in near-real tor&x0.5° grid of VTEC maps and maps of the
VTEC variance over Europe each 15 minutes (seer&igu The results showed that the most
adapted interpolation for such a product is thenepinterpolation. These VTEC maps were

compared with Global lonospheric Maps (GIMs) andvetd good agreement with a mean

differences lower than 1 TECU (1TECU=%®.m?, except during stormy days when the GIMs
seem to underperform. Consequently, the VTEC magsta variance estimated each 15 minutes
over Europe will be a useful product for applicaiausing radio signal especially to notify users
of abnormal events (e.g. ionospheric storm). Mdegails are given in Bergeot et al. (this

volume).
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Figure 2. TEC mapsover Europe (Ieft) and itsvariance (right) in TECU
estimated over 15 minutesin a near-real time approach, for normal
ionospheric activity (top , DOY 303 2003, 12:30-12:45 UT) and during an
ionospheric storm (bottom, DOY 303 2003, 22:30-22:45).

3. Contribution to the EPN

The ROB contributes to the EPN with:

4 permanent tracking stations: BRUS, DENT, DOUR WWRE. Recently, two new multi-
GNSS receivers (PolaRx3 Septentrio) were instaleBrussels. They were configured to
track GPS, Glonass and GIOVE-A and B satelliteshef European Galileo system. More
multi-constellation receivers will be added in tbeming year(s), eventually resulting in
capturing multi constellation data in all ROB GN&S§&tions.

An EPN Local Data Centeft://gnss.bg providing access to the GPS stations operated by
ROB.

An historical EPN data center, providing accesallithistorical EPN data especially targeting
reprocessing activities.

An EPN Local Analysis Center processing an EPN stwork located around the Benelux
(see http://fepncb.oma.be/ dataproducts/analysiscentit@sétwork.php?lac=ROB As its
contribution to the EPN reprocessing Pilot Proj&DB contributed to the EPN reprocessing
benchmark campaign and submitted a reprocessediosol(1996-2006) for the its
subnetwork based in IGS REPROL1 orbits.

An EPN NTRIP caster to relay the EPN streams from nain EPN NTRIP caster at
Bundesamt fiir Kartographie und Geodasie (BKG), Geyn This way, ROB guarantees
load sharing with the main EPN broadcaster andadiveommunication traffic reduction. At
startup, all streams were relayed from the the nidN NTRIP caster at BKG. As this
created however a single point of failure, now gedly a shift is made to use the several
national casters over Europe as sources for thelR'EReam relay. The EPN NTRIP relay




caster at ROB further evolved from a regional iatcedundant top caster. At present about
140 EUREF streams are relayed, from 14 differestera. Users can apply for an account by
filling in the web form on http://www.gnss.be/dathap#NTRIPaccess.

« In addition, the ROB hosts the EPN Central Burddtp{//www.epncb.oma.be/). Recently,
new software, Qualcheck, to check the quality af tBNSS data of the EPN has been
developed. Due to the modernization of GNSS sigrhbs old software could not anymore
meet the EPN Central Bureau needs for monitorirg gbality of the EPN stations. This
software is already used for the snapshots oflgatélacking at the EPN Central Bureau
website. Moreover, the design of this software teen studied to facilitate future
developments, including quality checking future i@al data. For details we refer the
interested reader to Bruyninx et al. (in this vol)m

4. RTK networks

During the past year the remaining 'old hardwa@®$ only) has been replaced with GNSS
receivers and antennas. This means that all thererefe stations of the three Belgian RTK
networks (Flepos, GPSBru and Walcors) have beemadpd; RTK data containing GPS and
Glonass is available for all users nationwide.

5. Levelling network

The entire levelling network, consisting of 19006nbhmarks has been re-observed during the
last two decades of the 20th century. Since theoénide year 2000 the NGI didn't perform any
systematic precise spirit levelling and we had lampto restart either.

But several surveyors reported that, in the regibrthe port of Antwerp, they obtained a
systematic difference between heights derived fRRK observations and the levelling results
starting from our benchmarks. Some other factsepeddent from height observations,
confirmed our suspicion that the area subsided.

We determined the borders of the subsiding zongpanfdrmed the levelling observations for all
the benchmarks in the zone and a buffer zone aribuimdorder to be able to tie the observations
to stable benchmarks.

The final computations showed that in the harthef$ubsiding area benchmarks had gone down
by 13 cm.



References

Baire Q., Bruyninx C., Defraigne P., Legrand J. firess), Precise Point Positioning with
ATOMIUM using IGS Orbit and Clock Products: Firstegults, Bulletin of Geodesy and
Geomatics, in press

Baire Q., Pottiaux E., Bruyninx C., Defraigne Pegtand J., Bergeot N., Comparison of receiver
antenna calibration models used in the EPN, thHigrmre

Bergeot N., J.-M. Chevalier, L. Benoit, C. Bruynink Legrand, E. Pottiaux, Q. Baire, P.
Defraigne, Near Real Time lonospheric Models froardpean Permanent Network GPS Data,
this volume

Bruyninx C., Baire Q., Legrand J., Roosbeek F., EL&REF Permanent Network (EPN): Recent
Developments and Key Issues, this volume

Legrand J., Bergeot N., Bruyninx C., Woppelmann &antamaria-Gomez A., Bouin M.-N.,
Altamimi Z. (in press), Comparison of Regional a@tbbal GNSS Positions, Velocities and
Residual Time Series, IAG Symposia Series

Legrand J., Bergeot N., Bruyninx C., WéppelmannBayin M.-N., Altamimi Z. (2010), Impact
of regional reference frame definition on geodyramierpretations, Journal of Geodynamics,
Volume 49, Issues 3-4, pp. 116-122, doi: 10.10bg/j2009.10.002

Pottiaux E., (2009a), GNSS Near Real-Time ZeniththPBelay Estimations at ROB:
Methodology and Quality Monitoring, Bulletin of Gaesy and Geomatics, 2009(2), pp. 125-146

Pottiaux E., Brockmann E., Soehne W., Bruyninx @009b), The EUREF-EUMETNET
collaboration: First experiences and potential EeneBulletin of Geodesy and Geomatics,
2009(3), pp. 269-288



